Objective Diverticular bleeding is the most common cause of acute lower gastrointestinal bleeding, and its incidence has recently increased. However, the treatment strategy of diverticular bleeding has not yet been established. The aim of the study was to investigate the efficacy of contrast-enhanced computed tomography (CECT) to determine the indication for urgent colonoscopy to achieve hemostasis. Methods A total of 124 patients diagnosed with diverticular bleeding between 2012 and 2013 in our hospital were analyzed. The clinical behavior, factors related to detecting bleeding diverticula, and risk factors for early rebleeding of diverticular bleeding were evaluated. Results Clinical behavior: Bleeding diverticula were identified in 23 of 124 (19%) patients and most of them (16/23; 70%) were located in the ascending colon. Hemostasis was achieved in all 23 cases, however, six (26%) developed early rebleeding. Factors for detecting bleeding diverticula: In patients in whom extravasation was detected using CECT, the endoscopic detection rate of bleeding diverticula was 60% (12/20), while bleeding diverticula were detected in only 31% (11/35) of patients in whom extravasation was not detected using CECT (p<0.05). The interval between the first hematochezia and colonoscopy in which the bleeding point was detected by colonoscopy (median 23.5 hours) was shorter than that in which bleeding diverticula were not detected (median 43.6 hours) (p<0.01). Risk factors for short term rebleeding: Using a univariate analysis, atherosclerotic comorbidity, anti-inflammatory drugs including low-dose aspirin, antithrombotic agents, vital signs on admission, hemoglobin level on hospitalization, and extravasation on CECT were not found to be significant risk factors. Conclusion The finding of extravasation on CECT is the most important factor for identifying and treating bleeding diverticula by colonoscopy. In such cases, urgent colonoscopy is recommended.
Introduction
Colonic diverticula are pseudodiverticula resulting from herniation of the mucosa and submucosa through a weakened portion of the colonic wall (1) . Colonic diverticulosis is an acquired disease caused by an increased intestinal pressure due to the decreased intake of dietary fiber and mu-causes complications such as diverticulitis or bleeding. Diverticular bleeding has been reported to be the most common cause of lower gastrointestinal bleeding (4, 5) and accounts for >40% of lower gastrointestinal bleeding (5) . Colonic diverticular bleeding typically has a mild course and stops spontaneously without therapeutic intervention in approximately 70% to 80% of cases (5) (6) (7) (8) . However, some cases require endoscopic, angiographic, and surgical treatment depending on the nature of the bleeding (5) (6) (7) (8) , and the diagnostic and therapeutic strategy for colonic diverticular bleeding has not yet been established. Recently, several studies have recommended urgent colonoscopy for the initial evaluation of diverticular bleeding, and endoscopic treatments including endoscopic clipping and endoscopic band ligation have been reported to be effective for hemostasis of diverticular bleeding (9) (10) (11) (12) (13) (14) (15) . For the treatment of colonic diverticular bleeding, it is important to determine the indication for therapeutic intervention, especially urgent colonoscopy, and to detect bleeding diverticula. Obana et al. (16) reported that contrast-enhanced computed tomography (CECT) is useful for the detection of colonic diverticular bleeding. Considering these previous findings, we hypothesized that the strategy for treating diverticular bleeding may be established using extravasation detected on CECT.
Furthermore, some patients experience short-term recurrent bleeding (during hospitalization), as well as long-term rebleeding. The rate of rebleeding after one episode has been reported to be between 13.8% and 38% (5, 10, 17, 18) . Several reports identified the risk factors for rebleeding of colonic diverticular hemorrhage (19, 20) , however, the factors related to short-term recurrent bleeding are still unclear.
The purpose of this study was to evaluate the efficacy of CECT for detecting bleeding diverticula and to establish a strategy for the treatment of colonic diverticular bleeding. In addition, the risk factors for early rebleeding of diverticular bleeding were evaluated.
Materials and Methods

Study setting and patient population
Data were obtained from the Department of Gastroenterology, Kasugai Municipal Hospital. The diagnosis of colonic diverticular bleeding was made according to the criteria previously reported by Jensen et al. (9) . A patient with hematochezia was diagnosed as having colonic diverticular bleeding when active bleeding from a diverticulum was observed or when blood clots were found in the colon with diverticula, but no blood was in the terminal ileum, and no other demonstrable cause of bleeding was present.
A total of 124 patients diagnosed with colonic diverticular bleeding were identified between April 2012 and December 2013. From April 2012 to December 2012, a large number of patients had not undergone CECT, and after January 2013, CECT was performed for most patients, excluding those with renal dysfunction.
The risk factors for early rebleeding were also investigated. Early rebleeding was defined as diverticular rebleeding during hospitalization at least three days after the last hematochezia.
CECT procedures
A total of 90 mL of iopamidol (Iopamiron 300; Bayer HealthCare, Berlin, Germany) was power-injected intravenously at a rate of 1.5 mL/s. The patients were scanned using a 64-MDCT (Aquilion TM , Toshiba Medical Systems, Tochigi, Japan). Scanning was performed with the following parameters: 120 kV, 350 mAs, 0.5 s per rotation, 0.5 mm collimation, and 0.828 beam pitch. All patients underwent craniocaudal scanning in the supine position during a single breath hold. A single-phase scan was performed 90 s after the beginning of contrast material injection. Images were acquired with 0.5-mm section width and a reconstruction interval of 7 mm. Coronal multiplanar images were reconstructed at 0.5-mm section width and a 5-mm interval.
Endoscopic procedures
All patients underwent colonoscopy during hospitalization except for readmission for colonic diverticular bleeding within one year. When endoscopists were available at the time of admission, colonoscopy without any bowel preparation was attempted first. Otherwise, the patients were administered polyethylene glycol (PEG) solution before colonoscopy to prepare for the examination when possible. When colonoscopy revealed active bleeding from a diverticulum, endoscopic hemostasis with a hemoclip was performed directly on the vessel if possible. When direct clipping was not possible because of dome location, massive hemorrhage, or a small diverticular orifice, indirect clipping was selected, and bleeding diverticula were closed with multiple hemoclips in a zipper fashion (21) . Monotherapy with clipping was performed, and injection of epinephrine solution was not performed. If rebleeding occurred, CECT was repeated, and endoscopic treatment was attempted first in cases of extravasation. Transarterial embolization (TAE) or colectomy was subsequently performed when diverticular bleeding was not controlled because of massive rebleeding from the previously treated diverticula, a poor endoscopic view, or hemodynamic instability.
Outcomes
The major outcomes of this study were the detection rate of bleeding diverticula using colonoscopy, contributing factors for detecting bleeding diverticula (extravasation of CECT, interval between hematochezia and CECT, or interval between bleeding and colonoscopy), and risk factors for early rebleeding (medication history, comorbidities, or vital signs and hemoglobin levels on admission).
Statistical analysis
Continuous variables are expressed as the mean values ± standard deviation (SD) and were compared between the 
Results
Patients' characteristics
From April 2012 to December 2013, 124 patients were admitted to our hospital because of colonic diverticular bleeding, and all of these patients were enrolled in this study. The clinical features of these patients are presented in Table 1 . In this group, the median age was 72.5±10.8 years. Many of the patients had some atherosclerotic comorbidities, such as hypertension (n=41, 33%), cerebrovascular disease (n=23, 18.5%), and cardiovascular disease (n=24, 19.5%). Low-dose aspirin was prescribed for 34 patients (28%), anticoagulant drugs were prescribed for seven patients (6%), and non-steroidal anti-inflammatory drugs (NSAIDs) were prescribed for 12 patients (10%). Fifty-eight patients (46.7%) had a previous history of colonic diverticular bleeding.
CECT was carried out for 55 patients. The clinical characteristics of the extra(+) group (e.g., cases where CECT showed extravasation) and the extra(-) group (e.g., cases where CECT did not show extravasation) were compared. There were no significant difference in the baseline characteristics between the extra(+) and extra(-) groups (Table 1) .
Clinical behavior
Ninety-nine patients underwent colonoscopy, and bleeding diverticula were identified in 23 patients (23%). Bleeding diverticula were located in the ascending colon in 16 patients (70%), the sigmoid colon in four patients (17%), the descending colon in two patients (9%), and the transverse colon in one patient (4%) ( Table 2 ). All 23 patients underwent endoscopic hemostatic clipping, however, six patients (26%) developed rebleeding, while 12 patients (16%) who did not need endoscopic hemostasis developed short-term rebleeding ( Table 2 ). The ratio (number) of patients with bleeding diverticula with or without PEG ingestion was also investigated. There was no significant difference in the bleeding diverticulum detection rate between the with PEG and without PEG groups (Table 2) .
Surgical treatment was required for five patients. In all cases, bleeding diverticula were detected using CECT in the ascending colon and endoscopic hemostasis was performed. In case 1, the patient was strongly anxious about potential rebleeding following the endoscopic procedure and surgical treatment was performed according to his wishes. Despite the conservative treatment, including a blood transfusion after the endoscopic treatment, diverticular bleeding was not controlled and surgical treatment was performed in the other cases. TAE was carried out in one case (case 2). Unfortunately, a bleeding artery was not detected during the TAE procedure, thus embolization could not performed because of the risk of ischemia (Table 3) . The ratio (number) of patient detected bleeding diverticula with or without PEG (n=99)
The ratio (number) of short term rebleeding patients undergone colonoscopy (n=99) 
Factors for detecting bleeding diverticula
The detection rates of bleeding diverticula by colonoscopy in the extra(+) group and the extra(-) group were compared. In the extra(+) group, bleeding diverticula were detected in 60% (12/20) of patients, whereas bleeding diverticula were detected in only 31% (11/35) of the patients in the extra(-) group (p<0.05) ( Table 4 ). The concordance rate of the CT findings and the colonoscopic findings was 95.7% (22/23) .
The median interval time from the appearance of the first hematochezia to CECT examination was compared between the extra(+) group and the extra(-) group. In the extra(+) group, the median interval time was 4.8±4.71 hours, while in the extra(-) group, the median interval time was 7.5±6.9 hours. The correlation between the interval time to CECT and the detection rate of extravasation was not significant.
The correlation between the interval time from the first hematochezia to urgent colonoscopy and the detection of bleeding diverticula was investigated. In the group in which bleeding diverticula were detected, the median interval time was 23.5±25.7 hours. On the other hand, in the group in which bleeding diverticula were not detected, the median interval time was 43.6±32.5 hours, and the difference in the interval from the first hematochezia to colonoscopy was significant (p<0.01).
Risk factors for early rebleeding
A univariate analysis showed that the body mass index (BMI), past comorbidity of hypertension and chronic kidney disease, NSAID use, low-dose aspirin use, anticoagulant therapy, systolic blood pressure and heart rate on admission, hemoglobin level on hospitalization, and extravasation of CECT were not factors contributing to early rebleeding (Table 5).
Discussion
The present study indicated that: 1) most bleeding diverticula are located in the ascending colon; 2) patients who showed extravasation on CECT were highly likely to show bleeding diverticula on colonoscopy; 3) urgent colonoscopy should be performed as soon as possible; and 4) no significant risk factors for short-term rebleeding were identified.
In Western countries, diverticula are predominantly observed in the left side of the colon, while right-sided diverticula are more commonly found in Asian countries (22) . In the present study, approximately 70% of bleeding diverticula were present in the right-side of the colon. These data are in agreement with the previous report that 71% of bleeding points were located in the right colon in colonic diverticular bleeding (21) . Our findings did not demonstrate the efficacy of PEG ingestion for detecting bleeding diverticula, although Obana et al. (16) previously reported that urgent colonoscopy should be performed after bowel preparation using PEG ingestion to detect bleeding diverticula. However, the efficacy of bowel preparation remains controversial, thus further examination is needed.
In the treatment of colonic diverticular bleeding, it is most important to detect bleeding diverticula. The information on the bleeding source is crucial for making therapeutic decisions such as colonoscopy, TAE and operation (16) . According to the previous reports, colonoscopic clipping may be the most effective and safest treatment (11, 13, 23) . Selective angiography techniques using smaller catheters to embolize the bleeding artery have shown high segmental ischemia in up to 20% of patients (24) . In addition, there are a fewer number of radiologists, compared with endoscopists, who can accurately treat colonic diverticular bleeding using the TAE technique. The operative mortality with surgery can be very significant, up to 10% when the bleeding is localized and up to 75% when it is not and subtotal colectomy is performed (25) . Taking into consideration these facts, endoscopic hemostasis should be utilized first in the treatment of colonic diverticular bleeding (11) (12) (13) . However, considering the fact that spontaneous resolution of colonic diverticular bleeding occurs in 70-80% of cases without therapeutic intervention (6), the patient group that requires endoscopic intervention should be identified. The present data showed that patients who showed extravasation of the contrast medium on a CT examination were significantly more likely to show bleeding diverticula on colonoscopy (60%) than those who were negative on CECT (31%). In addition, the concordance rate of the CT and colonoscopic findings was 95.7%. According to these data, urgent colonoscopy is recommended for patients who show extravasation on CECT.
In the present study, there was a significant correlation between the interval from the first hematochezia to colonoscopy and the detection rate of bleeding diverticula. Considering these data, it is important that urgent colonoscopy should be performed as soon as possible for patients who show extravasation of the contrast medium on CECT in cases of colonic diverticular bleeding.
According to our findings, the strategy for colonic diverticular bleeding in our hospital is presented in Figure. The most important initial step is to understand the patient's general status and stabilize the vital signs with anti-shock management. CECT should be subsequently performed to detect bleeding diverticula, excluding patients in whom it is contraindicated, and then decided whether urgent colonoscopy is required. If extravasation is seen, then urgent colonoscopy should be performed as soon as possible. Endoscopic hemostasis using clipping techniques would be performed first in the treatment of colonic diverticular bleeding. If the hematochezia continues, then emergent TAE or colectomy should be performed (Figure) . If no extravasation is detected on CECT, then conservative treatment is recommended.
The present data demonstrated that short-term rebleeding occurred in 18.5% of cases, and the rate was relatively high (26%) in the group that underwent colonoscopic hemostasis (p=0.08). These data suggest that it is important to identify the risk factors for rebleeding when managing diverticular bleeding patients, especially in those for whom endoscopic hemostasis is necessary. NSAIDs use, antiplatelet drugs, hypertension, atherosclerotic diseases, and serum creatinine level were mentioned as risk factors (19, 20, 26) . However, most of these previous studies referred to long-term rebleeding, and therefore the risk factors for short-term rebleeding are still unclear. Fujino et al. (27) reported that the evidence of shock on admission was the only risk factor. In the present study, no significant risk factors for early rebleeding were identified, including comorbidity, NSAIDs use, lowdose aspirin, vital signs on admission, laboratory findings, and extravasation on CECT.
There are several limitations associated with this study. First, it was a retrospective, cohort study involving colon diverticular bleeding patients in a single hospital. Second, the number of cases might have been too small to identify the predictive factors of CECT findings and to investigate the risk factors for early rebleeding. Third, most patients were hemodynamically stable at the time of CECT and colonoscopy was performed.
In conclusion, the finding of extravasation on CECT is the most important factor to identify and treat bleeding diverticula using colonoscopy. In such cases, urgent colonoscopy is recommended.
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